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ABSTRACT 

The  New  Product  Development  {NPD)  is  one  of  the  emerging  trends  among  the  leading  apparel  industries  to 
gain  and  maintain  the  competitive  advantage.  The  consumers  are  demanding  for  value-added  innovative  products  at 
competitive  prices.  Hence,  the  apparel  producers  are  faced  with  immense  pressure  to  produce  new  products  with  unique 
features  at  competitive  prices.  Therefore,  apparel  industrialists  are  insisted  to  follow  systematic  NPD  process  models  and 
with  shorter  cycle  times.  In  the  study,  various  NPD  process  models  from  a verity  of  diversified  industries  were  critically 
evaluated,  to  examine  the  appropriateness  using  relevant  Performance  Indicators  {PI)  and  characteristics.  Such 
evaluation  criteria  were  characterized  to  screen  the  most  effective  NPD  models  to  reflect  the  unique  features  of  the 
product  design  and  development  operations  of  the  apparel  industry.  As  concluding  remarks,  the  study  shows  directions 
for  academics  and  practitioners  to  develop  result  oriented  NPD  models  specifically  adoptable  for  apparel  industry. 
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1.  INTRODUCTION 

New  Product  Development  function  is  one  of  the  riskiest  and  critical  activities  in  a successful 
manufacturing  firm  (Bruce  & Biemans,  1995;  Craig  & Hart,  1992).  Previous  studies  have  emphasized  on  the 
importance  of  a systematic  product  development  process  to  improve  the  probability  of  product  development 
success  (Cooper,  2008;  Griffin,  1997).  Griffin  identified  that  the  “the  best  companies  are  more  likely  to  use  some 
type  of  formal  NPD  process  than  the  rest”.  Cooper,  R.  defines  new  product  as  a particular  product  which  has  been 
in  the  market  for  three  years  or  less,  also  undertakes  them  for  further  extensions  and  significant  improvements. 
Although  NPD  literature  evolved  from  1960’s,  effective  NPD  processes  and  models  were  discussed  and  evaluated 
implementation  after  1990’s  (Griffin,  1997).  In  the  study,  various  theoretical  models  and  conceptual  frameworks 
were  critically  reviewed  mainly  from  peer  reviewed  journal  articles,  published  conference  proceedings,  and  thesis 
publications. 

Even  though,  ample  research  has  been  published  in  NPD  and  NPD  models,  most  of  them  were  discussed 
in  marketing  and  strategic  management  stand  point.  NPD  involves  high  risks  and  tremendous  investment  in  terms 
of  many  functional  areas,  including  product  design  and  development.  Because  of  the  existing  gaps  indentified 
through  the  published  literature  on  NPD  models  in  apparel  design  and  development,  there  is  some  inspiration 
coming  from  NPD  models  developed  from  other  industries. 
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The  most  of  the  NPD  models,  methods  and  tools  were  developed  as  customer  centric  to  screen  product  ideas  in 
terms  of  product  attributes.  Certain  tools  used  for  transferring  customer  requirements  to  technical  specifications  such  as 
Kano  model.  Quality  Functional  Deployment  (QFD),  House  of  Quality  (HOQ),  and  Analytical  Hierarchy  Process  (AHP). 
Apart  from  those  various  other  conceptual  frameworks  exist  in  the  literature  to  elicit  the  NPD  process  in  a generic  way. 
The  “Stage-Gate”  system  is  the  most  often  cited  NPD  model  in  the  literature  for  several  decades  as  this  is  one  of  the  most 
widely  adopted  model  in  well-known  industries.  In  modern  concepts  such  as  Electronic-NPD,  opens  up  the  gates  for 
adding  knowledge  management  to  NPD  and  which  will  eventually  facilitate  more  product  and  process  innovations. 

Most  of  the  literature  has  been  found  in  the  area  of  Marketing  and  Management  domains,  where  a very  few 
literature  is  available  in  from  the  product  engineering  stand  point.  Peters,  A.  J.  (1999)  states  that  typical  NPD  models  are 
aimed  at  management,  designing  or  were  developed  for  specific  industry  needs.  In  modern  approach,  rather  than  individual 
functional  engagement,  more  collaborative  approaches  had  proven  the  new  product  success  (Yang  & Yu,  2002,  Nambison, 
2002).  There  are  studies  presented  with  collaborative  product  development,  co-design,  cross-functional  models,  and 
participatory  design  development  with  involvement  of  the  Information  Technologies  (IT)  (Chenyi,  J.,  2010).  Another 
proven  studies  presented  the  successful  innovations  were  taken  place  because  of  intimate  collaboration  between  end  user 
and  innovator  (Chesbrough,  2003).  Su  et  al.  2006  states  that  customer  knowledge  has  become  indispensable  for  developing 
innovative  products. 

This  study  undertakes  systematic  literature  review  on  existing  NPD  models.  This  literature  review  expounds 
product  design  to  delivery  mainly  in  terms  of  technology  aspects.  Overall  objectives  of  this  paper  are  threefold.  First,  we 
provide  a systematic  review  of  existing  NPD  models  which  are  mainly  published  in  consumer  goods  industries  in  different 
countries  including  apparel.  NPD  models  which  are  more  related  to  industrial  goods  did  not  make  into  consideration  as 
industrial  companies  conduct  NPD  in  a different  way  compared  to  consumer  goods  (Workman,  J.P.,  1993).  Second,  those 
models  are  critically  assessed  for  evaluate  the  applicability  for  new  apparel  product  development.  Third,  we  identify  the 
limitations  of  those  models  and  discuss  the  possibilities  for  future  work  which  are  demanded  to  further  foster  those  models 
in  new  apparel  product  development. 

Apparel  context  has  selected  for  the  study,  as  it  is  the  most  prominent  industry  in  developing  countries  which  is 
the  largest  employment  provider  in  those  economies.  Similar  attention  to  this  industry  can  be  seen  in  developed  countries 
in  terms  of  experiencing  diverse  innovative  readymade  apparel  commodities.  Recently,  apparel  industrialists  are 
enthusiastic  in  adopting  practical  NPD  models  which  is  becoming  a necessity  in  upgrading  the  industry  from  assembly  to 
full-package  production.  Absence  of  systematic  Apparel  Product  Development  (APD)  models  and  processes  will  end  up 
with  unacceptable  products  and  will  break  the  customer  relationships. 

2.  METHODOLOGY 

The  existing  literature  on  new  product  development  is  vast.  Main  focus  of  the  study  is  to  evoke  appropriate  NPD 
models  for  apparel  industry  and  identify  future  areas  for  improvements.  Therefore,  systematic  literature  survey  was 
conducted  using  75  peer  reviewed  journal  articles  from  marketing,  management  and  R&D  journals  from  credible 
databases,  such  as  Science  Direct,  JStor,  Emerald  Insight,  Google  scholar  etc.  Initially,  literature  has  been  reviewed  across 
several  manufacturing  fields,  which  has  the  possibility  to  be  applicable  for  apparel  before  entering  apparel  manufacturing 
domain  to  begin  with.  Afterwards,  there  are  40  sources  productively  used  to  critically  review  the  available  NPD  process 
models  and  the  phenomenon.  In  addition  to  that,  there  were  8 literature  sources  (shown  in  Table  3)  were  used  to  express 
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the  demand  of  systematic  NPD  process  models  to  apparel  product  development.  Finally,  there  are  12  models  were 
evaluated  using  key  performance  indicators  which  were  extracted  from  aforementioned  8 apparel  related  journal  articles. 
Figure  1 depicts  the  entire  screening  process  starting  from  initial  literature  survey  to  critical  review  of  chosen  NPD  models. 

The  rest  of  the  paper  is  structured  as  follows.  In  section  3,  generic  NPD  models  were  discussed  and  also  presented 
the  review  of  their  applicability  for  apparel  context.  In  section  4,  the  review  of  conceptual  and  practical  NPD  models  which 
were  originally  designed  for  apparel  context,  were  presented.  Section  5 is  the  data  analysis  that  is  evaluation  of  the 
applicability  of  the  chosen  NPD  models  for  apparel  industry.  Section  6 depicts  the  emerging  trends  which  are  related  to  the 
field  of  study. 


Figure  1:  The  Illustration  for  this  Research  Intervention 
3.  GENERIC  NPD  MODELS  AND  REVIEWS  THEIR  APPLICABILITY  FOR  APPAREL 

Many  leading  companies  developed  their  new  product  development  processes  inspiring  from  stage  gate  system.  In 
this  system,  whole  project  is  sectioned  into  distinct  stages  and  evaluation  criteria  are  set  at  the  end  of  each  part  of  the 
project.  Those  evaluation  criteria  will  be  act  as  the  gate  for  next  stage  of  the  project.  Systematic  stage  gate  processes  are 
road  maps  which  support  to  define  discrete  stages  of  entire  process  from  idea  to  launch  and  key  importance  is  each  stage  is 
typified  by  a Go/Kill  decision  point  or  gate  that  will  quantitatively  and  qualitatively  evaluate  the  project  before  preceded  to 
the  next  stage.  The  early  generations  of  stage-gate  processes  such  as  Phased  Review  Process  was  very  engineering  driven 
that  addresses  strictly  on  physical  design  and  development  of  the  product  (Cooper,  1994).  New  generations  stage  gate 
systems  treat  each  distinct  stage  as  cross  functional  team  effort,  marketing  and  manufacturing  involvement  are  considered 
as  integral  part  of  the  product  development  process.  Stage  Gate  model  promotes  substantial  business  and  marketing 
engagement  together  with  thorough  manufacturing  assessment  for  successful  new  product  launch  (Cooper,  1994).  Most  of 
the  conventional  product  development  process  models  are  sequential.  Recent  stage  gate  systems  facilitate  parallel  of 
concurrent  processing  that  will  improve  flexibility  and  reduces  unnecessary  time  lapses  in  between  the  process  stages. 

The  third  generation  stage  gate  system  improved  flexibility  by  having  fuzzy  gates  that  permitted  conditional  Go 
decisions  depending  on  the  situations.  Process  stages  could  be  overlapped  but  focused  with  the  resource  availability  in  the 
organization.  Subsequently  several  improvements  were  followed  typical  stage-gate  system.  Stage-  gate  model  embark  with 
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open  innovation  concepts  to  promote  more  innovations.  Manufacturing  companies  are  becoming  more  open  to  product 
development  approaches  that  define  product  based  on  what  people  need,  and  creating  experiences  for  the  consumer  rather 
than  simply  designing  products  (Sanders  & Stappers,  2008;  Raymond,  2007). 

There  were  some  sequential  NPD  models  were  published  by  Urban  and  Hauser  (1980),  Gruenwald  (1992)  and 
Himmelfarb  (1992)  in  early  stages  of  NPD;  however  those  models  were  restricted  to  rationalize  the  interrelated  process 
activities  product  design  and  development.  Those  models  are  useful  to  identify  the  list  of  activities  which  are  involved  in 
the  product  development  process  and  other  than  that  those  models  are  not  facilitated  in  current  complicated  product 
development  processes.  Several  sequential  processes  were  published  at  early  stages  of  developing  NPD  process  models, 
subsequently,  those  models  could  not  support  for  interrelated  complex  process  functions  in  product  development.  Most  of 
the  sequential  models  were  consist  in  nature  of  representation,  which  views  the  series  of  activities  in  NPD  from  idea 
generation,  market/  technical  assessment,  concept  development,  prototyping  and  ultimately  finished  testing  (e.g.  Handheld 
et  al.,  1999).  Subsequently,  parallel  or  concurrent  product  development  process  models  were  introduced  to  overcome  the 
issues  related  to  sequential  processing.  In  concurrent  models,  product  development  occurs  simultaneously  at  relevant 
multiple  departments  and  that  leads  to  optimize  the  product  development  cycle  time. 

Erhorn  and  Stark  (1994)  initiated  an  integrated  approach,  where  product  development  operates  simultaneously  at 
multiple  departments  as  cross  functional  integration.  A supplier  integrated  NPD  model  was  introduced  by  Handheld  et  al. 
(1999),  in  that  model  process  flow  was  clearly  highlighted  and  provides  opportunities  for  supplier  integration  at  various 
points  of  the  process.  That  will  accommodate  more  supplier  involvement  for  new  product  development  success  by 
engaging  focal  suppliers’  capabilities  and  design  expertise,  conducting  technology  risk  assessments  and  evaluating  the  risk 
against  the  probability  of  success  with  the  support  from  the  supplier. 

In  1999,  Peters,  A.J.  and  the  research  team  presented  a generic  model  for  New  Product  Design  & Development 
(NPDD)  for  small  medium  industries.  That  was  a detailed  identification  of  each  activities  of  a NPDD  process  from  design 
to  delivery.  Process  iterations  and  the  information  flow  also  encouraged  in  the  model  and  that  was  illustrated  under 
“Facilitation  Issues”.  However,  the  model  is  not  clearly  described  how  process  iterations  are  operated  and  how  the 
collaborators  are  involved  in  the  information  how.  Quality  Functional  Development  (QFD)  methods  were  deployed  in 
designing  many  NPD  process  models  in  various  industries  including  apparel.  QFD  is  a method  implemented  to  facilitate  in 
developing  marketable  products  with  product  attributes  desired  by  the  customer  (Griffin,  1992).  In  this  study,  one  of  those 
models,  i.e.  QFD’s  interaction  matrices  (Griffin,  1992)  was  considered  for  the  review. 

Open  Innovation  principles  emerged  as  an  extension  version  of  external  collaborations  which  have  led  to 
accelerated  and  enriched  the  New  Product  Design,  Development  and  launch.  In  wider  perspective.  Open  Innovation  is 
defined  as  leverage  external  sources  of  knowledge  to  drive  internal  growth  (Chesbrough,  2003).  In  this  approach,  active 
customer  engagement  is  coordinated  in  new  product  development  than  conventional  product  development  (Sawhney  and 
Prandelli,  2000;  Hobo  et  al.,  2006).  The  open  innovation  practices  will  provide  a normative  guide  for  organizational 
growth  by  inspiring  best  practices  from  external  sources.  Especially  lead  users  may  generate  innovative  ideas  (Fuller  & 
Matzler,  2007)  and  probably  they  have  the  potential  to  suggest  feasible  plan  to  end  up  with  commercial  product.  However, 
there  is  a high  risk  when  exposing  new  product  strategies  to  external  teams. 

The  Electronic  New  product  Development  (E-NPD)  is  emerged  from  knowledge  management  concepts  and 
intention  of  this  model  was  to  create  core  knowledge  repositories  and  the  information  interdependency  between  all 
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components  of  the  value  chain  (Yang,  Yu,  2002).  In  addition,  authors  highlighted,  successful  product  development  projects 
need  participation  of  many  experts  from  cross  functional  departments  with  various  knowledge  domains.  However,  NPD  is 
often  described  as  continuous  process  of  learning  (Madhavan  and  Grover,  1998;  Sarin  and  McDermott,  2003)  and  the 
knowledge  management  view  emphasizes  acquiring  knowledge  through  learning  processes  (Madhavan  and  Grover,  1998; 
Sarin  and  McDermott,  2003).  Further,  Knowledge  Innovation  is  explained  as  core  activity  of  NPD  and  knowledge 
acquisition,  protection,  integration  and  dissemination  also  explained  as  key  directions  of  the  model  development.  There 
were  some  directions  for  applications  of  electronic  tools  presented  under  E-NPD  model. 

Virtual  customer  integration  initiated  in  manufacturing  of  high-tech  industries  and  transferred  some  techniques 
into  manufacturing  of  consumer  goods.  This  technology  becomes  popular  among  apparel  designers  and  customers.  Virtual 
customer  integration  is  beyond  web  based  market  approaches  and  those  models  will  absorb  customer  knowledge  & 
experience  on  products  explicitly.  Such  customer  responses  on  virtual  products  will  reduce  NPD  failures  by  early  detecting 
the  customer  acceptance  of  the  final  product.  The  Web,  in  combination  with  virtual  reality  (VR)  and  augmented  reality 
(AR)  technologies,  is  the  enabler  for  virtual  customer  integration  (Fuller  & Matzler,  2007).  VR  based  simulator 
involvement  is  proven  as  advantageous  and  beneficial  in  many  fields  (Rupasinghe,  201 1). 

Virtual  New  Product  Development  Team  concept  is  also  an  emerging  concept  that  will  enhance  the  New  Product 
Development  by  optimizing  the  human  skill  deployment.  More  of  the  functions  are  decentralized,  no  matter  their  physical 
placement,  collaborated  their  work  with  the  support  of  novel  electronic  communication  technologies  in  cost  effective  ways 
(Hertel  et  ah,  2004).  Schmidt  et  al.  (2001)  find  that  virtual  NPD  teams  are  generally  more  effective  than  conventional  co- 
located NPD  teams.  This  concept  facilitates  to  optimize  human  skill  allocation  (even  geographically  dispersed  human 
resources)  by  pooling  of  entire  work  force  in  an  organization. 

4.  REVIEW  ON  PUBLISHED  NPD  MODELS  IN  APPAREL  CONTEXT 

In  this  section,  NPD  models  which  was  inherently  designed  for  Apparel  industry,  has  been  discussed.  Although 
apparel  development  process  varies  substantially  from  the  other  product  development  processes  (May  Plumlee  & Little, 
1998),  some  apparel  manufacturers  have  been  used  generic  models  and  concepts  such  as  QFD  in  apparel  product 
development.  As  per  May  Plumlee  & Little  (1998)  there  are  inherent  qualities  of  apparel  development  need  to  be 
considered  when  designing  normative  process  models.  In  addition,  during  this  reviewing  process,  other  applications  of 
NPD  models  will  be  evaluated.  First,  apparel  products  are  designed  as  seasonal  lines  or  groups  of  products  rather  than 
individual  products.  Second,  several  product  lines  produces  within  a year.  Hence,  stages  of  the  development  process  may 
overlap.  Third,  the  strategy  for  developing  any  one  product  in  the  apparel  line  may  differ  from  another  product.  Having 
considered  these  limitations,  a conceptual  model  named.  No-  interval  coherently  phased  product  development  model  for 
apparel  (NICPPD)  was  developed  with  delegating  the  responsibility  of  apparel  product  development  among  four  functional 
divisions;  Marketing,  Merchandising,  Design  & Development,  Production.  Main  model  of  NICPPD  illustrates  overview  of 
the  six  phases  of  apparel  product  development  process  and  this  is  followed  with  other  six  models  which  elaborate  an  in- 
depth  examination  of  each  phase  of  the  development  process.  This  descriptive  model  did  not  show  the  customer  integration 
and  that  gap  was  filled  by  the  development  of  proactive  product  development  integrating  consumer  requirements 
(PPDICR)  model  by  the  same  couple  of  researchers  in  2005. 

The  PPDICR  model  contributes  to  the  theoretical  understanding  of  apparel  product  development  and  which 
avenues  can  be  adopted  to  capture  consumer  requirements.  Effective  use  of  this  model  will  facilitate  to  develop 
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commercial  product  with  adaptation  of  systematic  method  to  capture  consumer  needs.  In  the  sense,  DeWitt  (1995)  indicate 
that  internet  and  kiosk  sales  represent  developing  retail  channels  through  which  consumer  preferences  and  create  the 
purchase  environment  according  to  that.  Apparently,  eventual  product  success  is  determined  the  level  of  acceptance  by  the 
end  consumer.  Customer  knowledge  has  become  a valuable  input  in  innovation  process  (Gassmann  et  al,  2005;  Su  et  al, 
2006)  as  they  have  the  expertise  knowledge  in  using  for  the  particular  purpose  over  years. 

Functional,  Expressive,  Aesthetic  (FEA)  model  can  be  used  to  identify  end  consumer  needs  with  respect  to  unique 
apparel  designing.  Functional,  Expressive  and  Aesthetic  aspects  are  considered  when  assessing  user  needs  and  wants 
(Lamb  & Kallal,  1992).  The  degrees  of  influence  of  those  factors  will  depend  on  the  product  category.  The  target  consumer 
is  at  the  core  of  the  model.  Culture  determines  the  connectivity  between  the  customer  and  aforementioned  factors,  which 
need  to  be  analyzed  by  the  designer  when  designing  customised  apparel  solutions.  In  rapidly  changing  environment  culture 
will  not  be  the  factor  to  evaluate  when  acquiring  their  desires  to  apparel  design. 

Three  stage  design  process  (LaBat  and  Sokolowski,  1999)  consists  of  three  main  phases  in  product  design  and 
development  (a)  problem  definition  and  re-search,  (b)  creative  exploration,  and  (c)  implementation.  Labat  & Sokolowski 
(1999)  applied  this  model  for  a textile  product  design  project  i.  e.  they  redesigned  of  an  athletic  ankle  brace.  This  model 
encourages  for  creative  exploration  of  new  products  and  lends  a measure  of  quality  assurance  of  the  novel  products. 

5.  EVALUATE  APPLICABILITY  OF  THE  CHOSEN  NPD  MODELS  FOR  APPAREL  INDUSTRY 

In  general.  Apparel  products  are  not  designed  and  developed  as  single  product;  they  are  designed  and  produced  as 
product  lines  or  product  portfolios,  which  are  undertaken  with  relatively  low  product  life  cycles.  In  the  sense.  Retailers 
plan  product  ranges  for  respective  fashion  seasons,  hence,  manufacturer  need  to  reduce  time  elapses  from  order  to  market. 
To  cater  this  dynamic  situation  standardized  processes  and  procedures  evolved  among  retailer,  manufactures  and  rest  of  the 
supply  chain  entities.  Key  characteristics  of  prospect  NPD  models  which  is  feasible  for  apparel  NPD  is  evaluated  using 
Table  1.  In  the  last  column  of  the  Table  1 depicts  the  limitations  of  the  applicability  of  these  models  and  further  elaborates 
the  shortcomings  to  be  addressed  when  developing  such  models  explicitly  for  apparel. 


Table  1:  Review  of  the  NPD  Models 


Ref. 

Code 

Model  Description 

Core-Industry 

Key  Attributes 

Limitations 

General  NPD  Models  in  Diversified  Industries 

A 

Third  generation 
Stage  Gate  model, 
(Cooper,  1994) 

Wide  variety  of 
industries  including 
consumer  goods. 

Short  cycle  times  through 
fluidity  of  process  stages 
and  Fuzzy  gates.  Better 
prioritising  of  resources 
and  sharper  focus  on  NPD 
projects. 

Fallibility  - Need 
experienced  project 
management  approach  in 
decision  making  to  be 
benefitted  from  this  process 
model 

B 

Concurrent  process 
models  Example: 
(Erhorn,  Stark,  1994) 

Many  industries 

Reduced  product 
development  cycle  time, 
cost  effectiveness, 

No  involvement  with 
customer.  Exchange  of 
information  with  inter- 
departments only. 

C 

Generic  model  for 
New  product  design 
& development 
(Peters,  1999),  UK 

Diversified 
industries  (Small  & 
medium  enterprises, 
(SME)) 

Provides  overview  of 
entire  NPDD  process  from 
design  to  end  distribution 
with  detailed  descriptions 
of  each  activity. 

Designed  for  SME’s. 

This  is  a generic  model  and 
there  was  no  clue  for 
practical  implementation  of 
the  model. 

D 

QFD’s  interaction 

Many  industries 

Evaluate  customer 

The  focus  of  this  model  is 
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matrices  (Griffin, 
1992),  Japan 

including  Apparel 

specifications  of  the 
product  requirements  and 
transfer  them  to 
organization’s  technical 
capabilities. 

limited,  no  guidelines  to 
integrate  with  corresponding 
resources 

E 

NPD  process  model. 
Handheld  et  al., 
1999),  USA 

Diversified 

Industries 

Supplier  integrated  NPD 
model.  Suppliers  are 
providing  information 
directly  and  involved  in 
decision  making  for 
purchase. 

Additional  decision  making 
is  needed  when  selecting 
suppliers  as  supplier 
involvement  is  more  crucial 
in  this  model. 

F 

E-NPD  model,  (Yang 
& Yu,  2002),  China 

Diversified 

industries 

Convergence  of  customer 
relationship  & business 
processes.  Integrate 
knowledge  management 
system  IT  applications. 

Knowledge  management 
between  cross  functional 
teams  is  not  logically 
demonstrated  in  the  model 
illustration. 

G 

Virtual  customer 
Integration,  (Fuller  & 
Matzler,  2007), 
Austria 

Diversified 
industries  both 
industrial  goods  and 
consumer  goods 

Reduce  NPD  failures. 
Improve  market 
responsiveness.  Reduce 
NPD  cost 

Customer  share  their 
knowledge  with  the  basis  of 
what  they  have  experienced 
from  the  virtual  product,  they 
are  not  be  able  to  comment 
on  what  they  do  not  know 
about  the  product  (e.g. 
materials)  (Ulwick,  2002) 
Competitors  may  find 
information  on  competitive 
products. 

H 

Virtual  New  Product 
Development  Team 
concept 

(Badrinarayanan  et 
al.,  2008) 

Just  a conceptual 
Framework 

high  quality  solutions  that 
lead  to  superior  product 
quality  (Atuahene-Gima, 
2003) 

Heavily  depend  on 
technology,  nationality, 
ethnicity  and  cultural  impact 
on  communication.  Temporal 
separation  (Kerber  and 
Buono,  2004) 

Apparel  Industry  Specific  NPD  Models 

I 

FEA  consumer  need 
model  (Famb  & 
Kallal,  1992) 

Apparel 

Sensible  method  of 
designing  functional 
garments.  Culture  bridge 
the  connectivity  of  the 
main  factors  and  customer. 

No  specific  criteria  on  how  to 
chose  the  correct  mix  of  FEA 
factors 

J 

NICPPD  model  (May 
Plumlee  & Tittle, 
1998),  USA 

Apparel 

Attention  to  details  of 
product  flow  in  each  four 
functional  divisions. 

Most  of  the  stages  of  product 
development  were 
considered,  nonetheless, 
internal  or  external  resource 
involvement  has  not  been 
attained. 

K 

Three  Stage  Design 
Process  (FaBat  and 
Sokolowski,  1999). 

Apparel  and  other 
industries 

Encourage  creative 
exploration  by  providing 
structural  approach  for  the 
product  design 

It  is  product  oriented,  NPD 
process  is  not  brought  forth. 

L 

PPDICR  model, 
(May  Plumlee  & 
Tittle,  2005),  USA 

Apparel 

Integrating  customer 
requirements  in  each  phase 
of  the  product  development 
process 

Need  more  empirical 
evidences  for  process 
establishment  using  this 
model. 

Apparel  industry  is  a buyer  driven  value  chain,  in  that  large  retailers,  marketers  and  branded  manufacturers  play 
vital  role  which  are  typically  located  in  developing  countries  (Gereffi  et  al.,  2003).  Table  3 used  to  extract  and  present 
performance  indicators  which  are  used  as  measurements  to  evaluate  the  applicability  of  prospect  NPD  models  for  apparel 
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industry.  These  performance  indicators  are  identified  as  prominent  aspects  for  new  apparel  product  development  using 
literature. 


Table  2:  Key  Determinants  to  Screen  the  Applicability  of  NPD  Models  to  Apparel  Industry 


Source 

Key  Determinants  to  Screen  NPD  Models 
for  Apparel 

Performance  Indicators 

Bartley,  2005 
Gereffi  et  ah,  2001 

Demand  for  high  quality  products 

High  Product  Quality 

Duke,  CGGC  Report 

Adding  design  capabilities  to  the  production 
of  garments 

Enhance  Design  capabilities 

May-Plumlee  & Little,  2006; 
Jones,  1995 

Shorter  Product  development  life  cycles 

Short  PD  cycle  time. 

Wheelright  and  Clark,  1992 

Rapid  responsiveness  and  greater  flexibility 

Market  responsiveness 

Cammett,  2006; 
Dicken,  2003 

Reduce  costs  while  satisfying  customer  tastes 

Cost  management 

May-Plumlee  & Little,  2006 

Trend  for  developing  marketable  new 
apparel  products  and  effectively  integrating 
new  technologies. 

Advanced  Technology 
Applications 

Gupta,  2011 

Demand  for  R&D,  innovative  design  from 
Original  Design  Manufacturers  (ODM) 

Encourage  Innovations 

Nordas,  2004 

need  to  use  resources  on  monitoring  and 
controlling  trade  in  textiles  and  clothing 

Optimum  resource  utilization 

Numerous  models  including  conceptual  frameworks  can  be  identified  in  NPD  of  hi-tech/  low-tech  involved 
manufacturing  environments.  Most  of  the  journal  articles  presented  NPD  models  and  framework  and  assessed  them 
qualitatively  in  terms  of  market  responsiveness,  customer  satisfaction  etc.  In  this  study,  author  wants  to  elaborate  and 
discuss  the  applicability  with  quantifiable  terms. 


Table  3:  Evaluation  for  Studied  NPD  Models  for  Apparel  Industry 


Performance  Indicators  / 
Measurements 

Model  Reference  Code  (from  the  Table  1) 

A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

L 

High  Product  Quality 

V 

V 

•/ 

Y 

X 

Y 

Y 

Y 

X 

X 

V 

X 

Enhance  Design  capabilities 

X 

X 

s 

X 

V 

X 

V 

X 

y 

y 

V 

y 

Short  Product  Development  cycle  time 

V 

s 

X 

V 

X 

y 

V 

X 

X 

V 

X 

V 

Market  responsiveness 

•/ 

X 

v 

V 

X 

V 

V 

V 

y 

X 

y 

X 

Cost  management 

V 

V 

s 

V 

V 

V 

V 

X 

X 

X 

X 

y 

Advanced  Technology  Applications 

X 

X 

X 

X 

V 

V 

V 

V 

X 

X 

Y 

X 

Encourage  Innovation 

v 

•/ 

X 

X 

V 

V 

V 

X 

X 

X 

V 

X 

Efficient  allocation  of  development 
resources 

s 

X 

Y 

X 

X 

X 

X 

Y 

X 

X 

X 

X 

When  NPD  models  from  different  fields  are  applied  to  apparel,  the  feasibility,  benefit  and  limitation  need  to  be 
analysed.  Table  1 describes  prominent  NPD  models  from  diversified  literature  sources  for  their  key  attributes  and 
limitations  for  implementation.  Stage  Gate  model  is  an  appropriate  framework  even  for  apparel  product  development, 
however  critical  decision  making  is  needed  to  overcome  internal  process  barriers.  Process  model  B is  a good  initiative  for 
concurrent  process  models,  however  those  models  were  able  to  satisfy  only  few  NPD  demands.  In  addition  to  that,  process 
models  C,  D and  E cater  for  particular  areas  in  NPD,  hence  those  models  are  needed  more  improvements  to  accomplish 
entire  NPD  process  demands.  Process  models  F,  G,  and  H were  introduced  with  the  novel  information  technologies,  also 
those  models  provide  more  opportunities  for  advanced  NPD  process  designs.  According  to  Table  4,  those  F and  G models 
meet  most  of  the  performance  indicators.  There  are  few  apparel  based  NPD  models  were  published  in  the  literature. 
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Process  models  I,  J,  K and  L are  also  conceptual  frameworks,  though  they  are  important  to  realize  the  fundamentals  of 
apparel  product  development. 

6.  EMERGING  AREAS  IN  NEW  APPAREL  PRODUCT  DEVELOPMENT 

In  recent  literature,  there  are  several  emerging  trends  are  discussed  in  the  field  of  New  Product  Development. 
Some  novel  concepts  especially  which  can  be  applied  for  apparel  are  discussed  in  this  section.  Recent  product  development 
literature  revealed  the  technology  involvement  and  IT-based  digitalization  of  the  fashion  industry  intriguingly.  Such 
adaptation  have  greatly  influenced  in  product  concept  launch  in  general.  Computer-aided  design/computer-aided 
manufacturing  (CAD/CAM)  techniques  play  vital  role  in  designing  and  visualizing  textiles  and  clothing  and  that  will 
reduces  unnecessary  product  iterations.  Researchers  continue  to  explore  rapid  prototyping,  body  scanning  and  other 
innovative  product  development  technologies  to  improve  the  development  process  (Istook,  2001).  More  recently,  much 
virtual  clothing  simulation  software  can  be  used  to  exhibit  accurate,  efficient  and  marketable  fashion  products.  (Kim  et  al, 
2007).  Augmented  Realty  with  the  aid  of  Virtual  Reality  has  the  potential  to  open  up  new  markets  and  that  will  attract 
more  customers.  In  addition,  improvements  in  communication  between  retailers  and  producers  through  technology  such  as 
computer-aided  design  (CAD)  and  electronic  data  interchange  (EDI)  have  contributed  to  shortening  lead  times  (Bruce  et 
al.,  2004). 

7.  CONCLUSIONS 

Most  of  the  NPD  models  were  aimed  at  management  (e.g.  Cooper,  1994),  or  at  apparel  designing  (e.g.  FEA 
model),  or  were  developed  for  specific  industry  requirements  (such  as  Product  Introduction  Model  (PIM)  at  Lucas  (Lucas 
Industries  PLC,  1993).  However,  to  optimize  the  success  rate  of  the  product,  marketing,  designing  and  manufacturing 
functions  need  to  be  integrated.  Interpreting  customer  needs  and  then  selecting  technologies  to  satisfy  those  needs  is 
drastically  becoming  a major  task  of  the  NPD.  Ultimately  the  success  of  the  new  product  is  determined  by  which  extent  it 
could  satisfy  customer  or  human  needs. 

Sequential  models  lack  the  depth  analysis  of  realistic  concurrent  nature  of  product  development  even  cooper’s 
third  generation  stage  gate  model.  Cooper’s  model  guides  for  certain  extent  but  it  is  not  specifically  for  apparel  (May- 
Plumlee  & Little,  1998).  Earlier  most  of  the  product  development  models  established  considering  only  on  the  product 
development  activities,  subsequently,  product  development  functional  divisions  or  departments  which  those  activities  are 
being  accomplished  also  incorporated.  Nowadays  companies  are  reinventing  their  development  processes  to  become  faster, 
leaner,  and  more  effective  while  simultaneously  improving  smaller  components  within  the  segmented  stages  of  the  process 
(Cooper,  2008;  Hines  & Quinn,  2007). 

With  the  conclusion  of  this  systematic  literature  review,  however,  theoretical  models  are  conceptually  correct, 
those  can  be  discouraged  to  implement  in  the  industry.  There  is  a need  of  practical  new  product  development  model  to 
apparel,  and  those  models  should  evolve  as  the  result  of  empirical  studies.  Modern  NPD  literature  depicts  the  higher 
tendency  of  using  information  technology  mainly  virtual  prototyping  and  the  simulation  methods.  In  the  stream  of  NPD 
literature,  most  of  the  NPD  models  and  related  publications  were  focused  on  industrial  products  and  services  with  having 
long  product  life  cycles.  Few  NPD  models  and  strategies  can  be  found  in  consumer  goods  mainly  in  apparel.  Those  models 
also  had  been  developed  in  the  view  point  of  marketing  and  manufacturing.  With  the  emerging  trends  in  Information 
Technologies  (IT),  Material  innovations,  automated  machineries  equipments,  there  will  be  a rapid  demand  for  new 
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functional  apparel  designs  and  developments.  Therefore,  the  most  productive  new  apparel  product  development  models 
require  the  collaborative  engagement  of  Apparel  designers.  Material  developers.  Garment  technologists,  Industrial 
Engineers  along  with  the  Marketers. 

In  this  stream  of  literature,  only  handful  of  NPD  models  was  identified  in  apparel  sector  and  most  of  the  published 
models  also  conceptual.  Hence,  this  systematic  literature  review  is  worthwhile  for  apparel  industrialists  to  inspire  NPD 
strategies  from  other  manufacturing  industries.  On  the  other  hand,  the  evaluation  criteria  will  provide  guidelines  to  select 
most  appropriate  NPD  models  and  tools  for  apparel  industry.  This  dynamic  industry  is  having  its  inherent  characteristics 
and  they  are  used  as  Performance  Indicators  in  evaluating  existing  NPD  models  to  apparel  industry. 

8.  DISCUSSIONS 

After  dismantling  apparel  export  restrictions,  apparel  exporters  are  seeking  opportunities  for  presenting  novel 
apparel  designs  with  unique  features  and  functions.  Until  the  mid  1980s,  consumers  were  less  sensitive  towards  styles  such 
as  Levi’s  501  jeans  (Bhardwaj  & Fairhurst,  2010).  Apparel  products  are  designed  and  produced  as  product  line  and  that 
need  to  be  considered  when  designing  new  NPD  process  models.  Though  Marketing  and  manufacturing  functions  are 
prominent  in  the  new  product  development  process.  Product  Design  and  Development  is  extremely  important  to  minimize 
the  new  product  failures  technically.  However,  few  empirical  researches  to  develop  NPD  model  focusing  on  product 
design  and  development  functions.  Robert  Cooper,  Guru  of  New  Product  Development,  recommend  changing  NPD 
strategies  and  process  models  after  each  five  years  time  to  achieve  higher  standards.  Most  of  the  published  conceptual 
models  lay  the  foundation  for  understanding  the  generic  phases  and  activities  of  NPD.  Thereafter,  they  do  not  provide 
much  on  engineered  a NPD  model  with  resource  allocation,  process  standardization,  product  development  cycle  time  etc. 

REFERENCES 

1.  Alexandre,  M.  T.,  Furrer,  O.  & Sudharshan,  D.  (2003).  A hierarchical  framework  of  new  products  development : an  example 
from  biotechnology.  European  Journal  of  Innovation  Management,  6(1),  pp. 48-63. 

2.  Al-Mashari,  M.,  Zairi,  M.  & Ginn,  D.  (2005).  Key  enablers  for  the  effective  implementation  of  QFD:  a critical  analysis. 
Industrial  Management  & Data  Systems,  105(9),  pp. 1245-1260. 

3.  Badrinarayanan,  V.  & Arnett,  D.  B.  (2008).  Effective  virtual  new  product  development  teams:  an  integrated  framework  J. 
Lewin,  ed.  Journal  of  Business  & Industrial  Marketing,  23(4),  pp.242-248. 

4.  Bergquist,  K.  & Abeysekera,  J.  (1996).  Quality  function  deployment  (QFD)  — A means  for  developing  usable  products. 
International  Journal  of  Industrial  Ergonomics,  18(4),  pp.269-275. 

5.  Bhardwaj,  V.  & Fairhurst,  A.  (2010).  Fast  fashion:  response  to  changes  in  the  fashion  industry.  The  International  Review  of 
Retail,  Distribution  and  Consumer  Research,  20(1),  pp. 165-173. 

6.  Bhuiyan,  N.  (2011).  A framework  for  successful  new  product  development.  Journal  of  Industrial  Engineering  and 
Management,  4(4),  pp.746-770. 

7.  Bretschneider,  Ulrich.  (2012).  Customer  integration  in  new  product  development:  a literature  review  concerning  the 
appropriateness  of  different  customer  integration  methods  to  attain  customer  knowledge.  In  ECIS  2012  Proceedings. 
Barcelona,  Spain. 

8.  Bruce,  M.,  & Biemans,  W.  G.  (1995).  Product  development.  Chichester:  Wiley. 

9.  Calantone,  R.  J.,  di  Benedetto,  C.  A.  & Bhoovaraghavan,  S.  (1994).  Examining  the  relationship  between  degree  of  innovation 


Impact  Factor  (JCC):  3.3497 


Index  Copernicus  Value  (ICV):  6.1 


Characterization  of  New  Product  Development  ( NPD ) Models  Applicable  to 
Enhance  the  Overall  Performance  of  the  Apparel  Industry 


11 


and  new  product  success.  Journal  of  Business  Research,  30,  pp. 143-148. 

10.  Calantone,  R.  J.  et  al.  (1999).  Using  the  Analytic  Hierarchy  Process  in  New  Product  Screening.pdf.  Journal  of  Product 
Innovation  Management,  16,  pp.65-76. 

11.  Cammett,  M.  (2006).  Development  and  the  Changing  Dynamics  of  Global  Production : Global  Value  Chains  and  Local 
Clusters  in  Apparel  Manufacturing.  Competition  & Change,  10(1),  pp.23-48. 

12.  Carnevalli,  J.  A.  & Miguel,  P.  C.  (2008).  Review,  analysis  and  classification  of  the  literature  on  QFD-Types  of  research, 
difficulties  and  benefits.  International  Journal  of  Production  Economics,  114(2),  pp.737-754. 

13.  Chai,  K.-H.  & Xin,  Y.  (2006).  The  Application  of  New  Product  Development  Tools  in  Industry.  The  Case  of  Singapore. 
Engineering  Management,  IEEE  Transactions  on,  53(4),  pp. 543-554. 

14.  Chang,  H.  & Kim,  D.  (2010).  A quality  function  deployment  framework.  Healthcare  Informatics  Research,  16(1),  pp.6-14. 

15.  Chenyi,  J.  C.  J.  (2010).  Collaborative  Commerce  (CPC)  Innovation  Platform  System  Design  in  a Virtual  Garment  Enterprise. 
System  Science  Engineering  Design  and  Manufacturing  Informatization  ICSEM  2010  International  Conference  on,  2,  pp.261- 
264. 

16.  College,  C.  (2006).  Industrial  Transformation  in  the  Apparel  Industry  : A Comparison  of  El  Salvador  and  Hong  Kong  Avianne 
Boney.  East  Asia,  (November). 

17.  Cooper,  R.  (1986).  An  investigation  into  the  new  product  process:  Steps,  deficiencies,  and  impact.  Journal  of  Product 
Innovation  Management,  3(2),  pp. 71-85. 

18.  Cooper,  R.  (1 979).  Dimensions  of  New  Industrial  Product  Success  and  Failure.  Journal  of  Marketing,  43(3),  pp.93-103. 

19.  Cooper,  R„  Jones,  C.  & Perks,  H.  (2005).  Characterising  the  Role  of  Design  in  a New  Product  Development:  An  Empirically 
Derived  Taxonomy.  Journal  of  Product  Innovation  Management,  22(2),  pp.l  11-127. 

20.  Cooper,  R.  G.  (1983).  A Process  Model  for  Industrial  New  Product  Development.  IEEE,  EM-30. 

21.  Cooper,  R.  G.  (2009).  How  Companies  Are  Reinventing  Their  Idea-To-Launch  Methodologies.  Research  - Technology 
Management,  52(2),  pp.47-57. 

22.  Cooper,  R.  G.  (1994).  PERSPECTIVE  Third-Generation  New  Product  Processes.  Product  Innovation  Management. 

23.  Cooper,  R.  G.  (2008).  What  Leading  Companies  are  Doing  to  Re-invent  their  NPD  Processes.  PDMA  Visions  Magazine, 
(September),  pp.6-10. 

24.  Cristiano,  J.  J.,  Liker,  J.  K.  & White,  C.  C.  1.  (2001).  Key  factors  in  the  successful  application  of  quality  functioriSndeployment 
(QFD).  IEEE  Transactions  on  Engineering  Management,  48(1),  pp.81-95. 

25.  Dahan,  E.  & Hauser,  J.  R.  (2002).  The  virtual  customer.  The  Journal  of  Product  Innovation  Management,  pp. 332-353. 

26.  Ebner,  W.,  Leimeister,  J.  M.  & Krcmar,  H.  (2009).  Community  engineering  for  innovations:  The  ideas  competition  as  a 
method  to  nurture  a virtual  community  for  innovations.  R and  D Management,  39(4),  pp.342  - 356. 

27.  Evans,  M„  Pei,  E.  & Campbell,  1.  (2009).  the  Development  of  a Design  Tool  To  Improve  Collaboration  Between  Industrial 
Designers  and.  8th  European  Academy  of  Design  Conference,  (April),  pp. 161-165. 

28.  Fernandez-Stark,  K„  Stacey,  F.  & Gerejfi,  G.  (2011).  The  Apparel  Global  Value  Chain  ECONOMIC  UPGRADING  AND 
WORKFORCE  DEVELOPMENT. 

29.  Fuller,  J.  & Matzler,  K.  (2007).  Virtual  product  experience  and  customer  participation-A  chance  for  customer-centred,  really 


www.tjprc.ors 


editor@tjprc.  org 


12 


RKJDe  Silva  & Thashika  Rupasinghe 


new  products.  Technovation,  27(6-7),  pp.378-387. 

30.  Gerejfi,  G.  et  al.  (2001).  Introduction  : and  Development.  IDS  Bulletin,  32(3),  pp.1-8. 

31.  Gerejfi,  G.  & Memedovic,  O.  (2003).  The  Global  Apparel  Value  Chain:  What  Prospectrs  for  Upgrading  by  Developing 
Countries,  Vienna. 

32.  Goffin,  K„  New,  C.  (2001).  Customer  support  and  new  product  development-  An  exploratory  study.  International  Journal  of 
Operations  & Production  Management,  21(3),  pp.275-301 . 

33.  Gonzalez,  M„  Javier,  F.  & Extremadura,  U.  De.  (2000).  NEW  PRODUCT  DEVELOPMENT  TECHNIQUES  IN  SPAIN.  In 
First  World  Conference  on  Production  and  Operations  Management  POM.  Sevilla,  pp.  1-10. 

34.  Griffin,  A.  (1997).  PDMA  Research  on  New  Product  Development  Practices : Updating  Trends  and  Benchmarking  Best 
Practices.  Journal  of  Product  Innovation  Management. 

35.  Griffin,  A.,  Page,  A.  L.  (1996).  PDMA  Success  Measurement  Project : Recommended  Measures  for  Product  Development 
Success  and  Failure.  Journal  of  Product  Innovation  Management,  13,  pp.478-  496. 

36.  Gronlund,  J.  E.  et  al.  (2010).  Open  Innovation  and  the  Stage-Gate  Process : A revised  model  for  new  product  development 
Johan.  California  Management  Review,  52(3),  pp. 106-132. 

37.  Handfield,  R.  B.  (1999).  Involving  Suppliers  in  New  Product  Development.  California  Management  Review,  42(1),  pp.59  - 82. 

38.  Hart,  A.  C.  S.  (1992).  Where  to  Now  in  New  Product  Development  Research,  26(11),  pp.2^19. 

39.  Hart,  S.  et  al.  (2003).  Industrial  Companies’  Evaluation  Criteria  in  New  Product  Development  Gates.  Journal  of  Product 
Innovation  Management,  20(1),  pp.22-36. 

40.  Hauser,  J.  R.  & Clausing,  D.  (1988).  The  House  of  Quality.  Harvard  Business  Review,  66(3),  pp.3-13. 

41.  Helander,  M.  G.  & Jiao,  J.  (2002).  Research  on  E-product  development  (ePD)  for  mass  customization.  Technovation,  22(11), 
pp. 7 17-724. 

42.  Istook,  C.  L.  & Chapman,  L.  P„  Customized  Product  Development  and  Rapid  Prototyping  : Incorporating  New  Technologies 
in  Education.  In  pp.  885-893. 

43.  Jin,  B.  (2012).  A Conceptual  Process  of  Implementing  Quality  Apparel  Retail  Store  Attributes : An  Application  of  Kano  ’ s 
Model  and  the  Quality  Function  Deployment  A pproach  Department  of  Textile  Clothing  and  Design  University  of  Nebraska 
United  States  of  America.  International  Journal  of  Business,  Humanities  and  Technology,  2(1),  pp.l  74-183. 

44.  Khan,  ().,  Creazza,  A.  (2009).  Managing  the  product  design-supply  chain  interface.  International  Journal  of  Pltisical 
Distribution  & Logistics  Management,  39(4),  pp.301-319. 

45.  Kim,  M.  & Cheeyong,  K.  (2015).  Augmented  Reality  Fashion  Apparel  Simulation  using  a Magic  Mirror.  International  Journal 
of  Smart  Home,  9(2),  pp. 169-178. 

46.  Krishnan,  V.  & Ulrich,  K.  T.  (2001).  Product  Development  Decisions : A Review  of  the  Literature.  Management  Science,  47(1), 
pp.l -21. 

47.  Kumar,  A.,  Antony,  J.  & Dhakar,  T.  S.  (2006).  Integrating  quality  function  deployment  and  benchmarking  to  achieve  greater 
profitability.  Benchmarking:  An  International  Journal,  13(3),  pp. 290-310. 

48.  LaBat,  K.  L.  & Sokolowski,  S.  L.  (1999).  A Three-Stage  Design  Process  Applied  to  an  Industry-University  Textile  Product 
Design  Project.  Clothing  and  Textiles  Research  Journal,  17,  pp.l  1-20. 


Impact  Factor  ( JCC j:  3.3497 


Index  Copernicus  Value  (ICV):  6.1 


Characterization  of  New  Product  Development  ( NPD ) Models  Applicable  to 
Enhance  the  Overall  Performance  of  the  Apparel  Industry 


13 


49.  Lamb,  J.  M.  & Kallal,  M.  J.  (1992).  A Conceptual  Framework  for  Apparel  Design.  Clothing  and  Textiles  Research  Journal, 
10,  pp.42^17. 

50.  Lynn,  G.  S.,  Akgiin,  A.  E.  & Keskin,  H.  (2003).  Accelerated  learning  in  new  product  development  teams.  European  Journal  of 
Innovation  Management,  6(4),  pp.201-212. 

51.  Mahajan,  V.  (1992).  New  product  models'.  Practice,  shortcomings  and  desired  improvements.  Journal  of  Product  Innovation 
Management,  9(2),  pp. 128-139. 

52.  May-Plumlee,  T.  & Little,  T.  J.  (1998).  No-interval  coherently  phased  product  development  model  for  apparel.  MCB 
University  Press,  10(5),  pp.342-364. 

53.  MayPlumlee,  T.  & Little,  T.  J.  (2006).  Proactive  product  development  integrating  consumer  requirements.  International 
Journal  of  Clothing  Science  and  Technology,  18(1),  pp.53-66. 

54.  Millson.  M.  R.  (2012).  An  Empirical  Exploration  of  the  New  Product  Process  Proficiency  - New  Product  Success 
Relationship.  International  Journal  of  Business  and  Information,  7(June),  pp.1-29. 

55.  Morris,  K.  D.  (2011).  Collaborative  product  development : Examining  the  development  of  a nursing  sports  bra.  Submitted  by. 
Colorado  State  University. 

56.  Ng,  M.  C.  F.  & Wang,  X.  (2007).  Collaborative  decision-making : Design  process  toward  integrated  product  design. 
International  Association  of  Societies  of  Design  Research. 

57.  Nijssen,  E.  J.  & Lieshout,  K.  F.  M.  (1995).  Awareness,  use  and  effectiveness  of  models  and  methods  for  new  product 
development.  European  Journal  of  Marketing,  29(10),  pp.27-44. 

58.  Nordas,  H.  K.  (2004).  The  Global  Textile  and  Clothing  Industry  post  the  Agreement  on  Textiles  and  Clothing,  Geneva, 
Switzerland. 

59.  Ogawa,  S.  & Piller,  F.  (2006).  Reducing  the  risks  of  new  product  development.  MIT  Sloan  management  review,  47(2),  p.9. 

60.  Ozer,  M.  (1999).  A survey  of  new  product  evaluation  models.  Journal  of  Product  Innovation  Management,  16(1),  pp. 77-94. 

61.  Ozer,  M.  (2005).  Factors  which  influence  decision  making  in  new  product  evaluation.  European  Journal  of  Operational 
Research,  163(3),  pp.  7 84-80 1 . 

62.  Peters,  A.  J.  et  al.  (1999).  New  product  design  and  development',  a generic  model.  The  TQM  Magazine,  11(3),  pp.l  72-179. 

63.  Poetz,  M.  K.  & Schreier,  M.  (2012).  The  value  of  crowdsourcing : Can  users  really  compete  with  professionals  in  generating 
new  product  ideas?  Journal  of  Product  Innovation  Management. 

64.  Powell,  N.  B.  & Cassill,  N.  L.  (2005).  New  Product  Development  and  Its  Applications  in  Textiles.  Journal  of  Textile  and 
Apparel  Technology  and  Management,  4(4),  pp.1-28. 

65.  Prasad,  B.  (1998).  Review  of  QFD  and  related  deployment  techniques.  Journal  of  Manufacturing  Systems,  17(3),  pp.221-234. 

66.  Rupasinghe,  T.  D.  et  al.  (2011).  Virtual  reality  training  integrated  curriculum:  An  aircraft  maintenance  technology  (AMT) 
education  perspective.  International  Journal  of  Engineering  Education,  27(4  PART  II),  pp.778-788. 

67.  Shona  L.  Brown,  K.  M.  E.  (1995).  PRODUCT  DEVELOPMENT:  PAST  RESEARCH,  PRESENT  FINDINGS,  AND  FUTURE 
DIRECTION.  Academy  of  Management  Review,  20(2),  pp.343-378. 

68.  Stasch,  S.  F.,  Lonsdale,  R.  T.  & LaVenka,  N.  M.  (1992).  Developing  a Framework  for  Sources  of  New  Product  Ideas.  Journal 
of  Consumer  Marketing,  9(2),  pp.5-15. 


www.twrc.org 


editor@tjprc.  org 


14 


R KJ  De  Silva  & Thashika  Rupasinghe 


69.  Tiwana,  A.  & Bush,  A.  A.  (2005).  Continuance  in  Expertise-Sharing  Networks'.  A Social  Perspective.  IEEE  Transactions  on 
Engineering  Management,  52(1),  pp. 85-101. 

70.  Tran,  Y„  Hsuan,  J.  & Mahnke,  V.  (2011).  How  do  innovation  intermediaries  add  value?  Insight  from  new  product  development 
in  fashion  markets.  R and  D Management,  41(1),  pp.80-91. 

71.  Wuest,  T.  et  al.  (2014).  Application  of  the  Stage  Gate  Model  in  Production  Supporting  Quality  Management.  In  The  47th  CIRP 
Conference  on  Manufacturing  Systems.  Elsevier,  pp.  32-37. 

72.  Yang,  J.  & Yu,  L.  M.  (2002).  Electronic  new  product  development  - a conceptual  framework.  Industrial  Management  & Data 
Systems,  102(3-4),  pp.218-225. 

73.  Ztilch,  G.,  Koruca,  H.  1.  & Borkircher,  M.  (2011).  Simulation-supported  change  process  for  product  customization  - A case 
study  in  a garment  company.  Computers  in  Industry,  62(6),  pp.568-577. 


Impact  Factor  (JCC):  3.3497 


Index  Copernicus  Value  (ICV):  6.1 


